Densities (ρ) and Refractive Indices η of Urea dissolved in aqueous solutions of Ammonium phosphate's at 298.15, 303.15 and 308.15 K 0 . From these experimental data apparent molar volume ( ), limiting partial molar volume ( ) and molar refraction R m have been calculated we develop an expression we called it limited apparent molar refractivity ( ) that we found it is give the same indication of ( ) about solute-solvent interactions. The results are interpreted from the point of view of solute -solvent and solute -solute interactions in these systems. The results also show that the solvated Urea has the property of breaking structure of liquid water with increasing temperature with this range this result agree with meaning of ( ) derivatives with respect to the temperature.
Introduction
Aqueous urea solutions have been of longstanding interest due to their peculiar physical properties. For example, urea increases the solubility of hydrocarbons in water [1] . It has been suggested that urea increases the aqueous solubility of non polar compounds by destroying the highly structured network of solvent molecules that characterize the water medium [2] . The properties of water and urea in aqueous solutions h ave been extensively studied there exists a large variation in their behavior in physical and chemical properties of urea in liquid phase especially in aqueous solutions. There have been conflicting reports, considerable debate, and controversies which are still prevalent about the peculiar behavior of urea in aqueous solutions and its varying hydrogen-bonding properties exhibited in the solvents. Urea, which strongly interacts with the solvent, is still an area of considerable challenge for the chemists. T wo such mechanisms were proposed to explain the role of urea in water: one mechanism depicts that urea acts as a structure breaker by breaking the water structure, whereas the other mechanism envisages that urea displaces some water molecules around a hydrophobic group and changes the solvation properties [3] . A large numbers of researchers reported that urea acts as a net structure breakers for water. On the other hand, another researcher reported that urea enhances water structure. The later view has been supported by our recent studies. The structure making or breaking property of urea in aqueous solution was found to be a temperature -dependent property. It will be interesting to see what happens when some water structure making and breaking salts are add in water + urea solution systems to substantiate the former studies [4] . Urea is produced in natural course from ammonia and carbon dioxide by metabolic reactions, known as the urea cycle, in all living beings and excreted from the body so as to avoid the toxic effects of ammonia. Water solution of urea also shows very exceptional, specific properties. These solutions can change the structure of proteins, increase the solubility of hydrophobic species such as hydrocarbons, and prevent micelle formation. T his makes urea very interesting for researchers in the field of biochemistry [5] . The electrolytes possessing different charge and size of the ions may affect water and water + urea solution structure differently. This may be reflected in the apparent molar volume and viscosity coefficient data. This type of study on simple system sometimes provides very useful information regarding the structure for more complex system [4] . The behavior of urea in solution is a very important topic in biological and environmental studies because of its involvement as a waste product in our daily life. The interactions of sparingly soluble solutes in aqueous solutions of urea are of contemporary interest at both the theoretical and practical level. Weak nonbonding interactions are important in many biological processes, and among these interactions occurring in aqueous solutions, the hydrophobic interactions are the most important driving force found in all biological processes [1] .
Experimental Section

Materials:
Urea (99%), BDH chemicals Ltd Poole England, Ammonium phosphate Dibasic BDH chemicals London, distilled water.
The solvent solution was prepared by the dissolving (10 gm) of Ammonium phosphate (NH 4 ) 2 HPO 4 Dibasic in distilled water to give one litter of solution. This solution used to prepare a series of ten concentrations of urea.
The molalities of the solutions were calculated from molar concentration (C) (mol.L −1 ) using eq.(1) [4] . 
Refractive Index Measurements:
Refractive indices were determined with respect to the sodium D line. An Abbe refractometer (ATAGO type 3) was used. It was connected with the same Hetrofrig constant-temperature bath used for the density measurements. Calibration of the instrument was performed with double-distilled water. Precision is estimated to be better than 2×10 −4 .
Densities Measurements:
Densities were measured by using 50 ml pycnometer equipped with internal thermometer its accuracy (0.01 k −1 ), the side arm of the pycnometer has a cup that capable of isolating accurate volume of solution at definite temperature and preventing the loss of weight that caused by evaporation. The volumes of the pycnometer were calibrated with deionized and doubly distilled water at (298.15, 303.15, 308.15) K 0 . The densities of urea solution were determined from the weight of the solution in the pycnometer after reaching thermal equilibrium in the water bath at the studied temperatures, divided by the volume of pycnometer.
Weight measurements were carried out by using Sartorius BL 210s Germany with an accuracy of (10 −4 gm).
Temperature was controlled using a sccottGerate CT1150 thermostat with a precision (±0.01K 0 ).
Results and Discussion
The These data show increasing of density and refractive index values with increasing urea concentration in the solution, to estimate the nature of solute -solvent and solute -solute interactions of this system more deeply we calculate the apparent molar volume (cm 3 /mole) by using the equation(2) [6, 7] : [6] . ( ) is the limited apparent molar volume (Cm 3 /mole), it is a measure for solutesolvent interactions and is equal to the partial molar volume of solute at infinite dilution, [6] (S v ) is a constant can give an indication about solute-solute interactions, its unit is (kg.cm 3 .mole 2 ) [7] . The values of ( ) and (S v )
with its correlation coefficient are listed in Table ( 2) both values were obtained by least squares fitting of ( ) to equation (3). From Table ( 2) we observe decrease of ( ) value with increase temperature and they were largely positive suggesting strong solutesolvent interaction and this interaction decreased by increasing temperature, (S v ) values are found to be positive indicate strong solute-solute interaction, by increasing temperature (S v ) increases which show that the interactions become more strong.
Also by employing Lorentz-Lorenz equation we predict molar refraction values which has the expression (4) [ 8, 9] : In spite of this linear response of Rm with urea concentration we try to take a global view about varying of Rm values with remaining dissolved other constituents of solution the cause of this further investigation is that we take a constant molar concentration of ammonium phosphate solution as solvent but this concentration actually is varying with variation of the densities of solution that caused by increasing of urea concentration or by increasing temperature for this reason we plot a three dimensional curve showing the variation of Rm values with both mole fraction of urea and mole fraction of ammonium phosphate solution as shown in Fig.(3) . 3) show that Rm still respond with a good linearity with varying mole fraction of urea in spite of the small changes of the mole fraction of ammonium phosphate that due to the variation of density of the solution this over all linearity s uggests an increase in overall polarizability of all the ternary systems under study with increasing amount of urea in the mixtures [10, 11] .
From Fig.(2) we calculate the relation that we expect has a equivalent meaning of the apparent molar volume of urea at infinite dilution so we called it a limited apparent molar refractivity and denote it by a symbol ( ) this proposition is suggested for the first time in this work by returning to the basic principles of solution thermodynamics and molar refraction of mixtures, the mathematical basis of this suggestion is shown in the appendix that combined with this paper and values of ( ) were listed in Table ( 2). The values of limited apparent molar refractivity show a high positive value which means a strong solute-solvent interaction and this interaction become weaker with increasing temperature as indicated by decrease of limited apparent molar refractivity that shown in the table, this result is in agreement with results that we obtained from apparent molar volume calculations. The temperature dependence of ( ) follows the equation (5) : [ 12] ... Table ( 3), first derivative called partial molar expansibility which is a measure to structure-forming, structurebreaking tendency to solute molecules on long range order of solvent m olecules from Table ( 3) we observe the structure breaking tendency of the urea increases with increasing temperature.
Helper [13] has proposed a method by which qualitative information on hydration of solutes can be obtained from thermal expansion of aqueous solution by the following relation: Also as a consequence of the connection between limited apparent molar volume and molar refractivity through limited apparent refractivity we expected the thermal change of ( ) is also related to the thermal variation of ( ) with same manner and their meaning is similar, up to this we drive the expressions ∂ /∂T and ∂ ) and their derivatives with temperature are listed in Table ( 3). The values of Table ( 3) shows that the negative values of the second derivative of ( ) and the decreased value of its first derivative means that urea behave as structure -breaking effect in the liquid ammonium phosphate solution [13] also the ( ) first and second derivatives show the same behavior which support our proposition of about the validity of using ( ) and its thermal derivatives to give the same meaning of ( ) and its thermal derivatives.
Appendix:
Physical Origin of ( ) [14, 15, 16] We start from Lorentz-Lorenz equation (8, 9) : At infinity dilution the v i of the constituent i become equal to the limit partial molar volume and also its equal to the limiting apparent molar volume (6) .
Some expect the limit of the relation (vii) at xi approach zero is related to φv 0 as eq.(viii). 
